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0 The invention relates to electromagneticaJIy 
commanded optical switches and in particular to 
access couplers to a series bus. 

The subject of the invention is an optical switch 
of the movable mirror type which has an electromag- 
net which, under the influence of a command signal, 
permits the displacement of a slider supporting the 
minvr (31) and a magnetic circuit (46, 47, 30) permit- 
ting the displacement of the slider to talce place 
parallel to a plane of reference (P) in the zone of 
switching. 
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ELECTHOMAGNETICALLY OPERATED OPTICAL SWITCH 



BACKGROUND OF THE INVENTION 

Fteid of the Invention 

The present invention relates to an optical 
switch, which can be used, for example, as an 
access coupler to a series bus. 

Description of the Prior Art 

An access coupler to a series bus is a system 
that permits picking up or injecting an optical signal 
in the line of a series bus so as to cause different 
terminals to communicate with one another. In the 
event of a terminal breakdown it must be possible 
to isolate the latter without thereby interrupting the 
line of the series bus. 

French patent application 2,538.127 discloses 
an access coupler to a series but with four 
branches, each one having means to receive or 
transmit fight rays and a retum device having two 
operating states. In its Rrst state the return device 
reflects, and can retum, the light between a first 
and a second branch on the one hand as well as 
between a third and a fourth branch on the other 
hand. In its second state the device passes light 
between the first and the fourth branch on the one 
hand as well as between the second and the third 
branch on the other hand. The retum device, ac- 
cording to a first variation, is a removable mirror 
mounted on a support, mobile in translation be* 
tween two positions: a first position in which the 
minror is placed in the path of the light rays, and a 
second position for which the passage of the light 
rays is assured by two openings formed in the 
support According to a second variation, the retum 
device Is a fixed mirror having the said operating 
states under the influence of a command device. 
, Athough generally satisfactory, this access 
coupler has a number of disadvantages. Its re- 
sponse time in case of a terminal breakdown is not 
negligible. The same is true for insertion losses. 
The cross-talk between branches ts not high 
enough. It would be desirable to provide a coupler 
which did not have these drawbacks. 

SUMMARY OF THE INVENTION 

In accordance with this invention, there is pro- 
vided an optical switch between at least two chan- 
nels of the type in which the path of a light beam 
can be modified by interposition, in the path of a 



movable mirror whose displacement is commanded 
by electromagnetic means, characterized in that 
these means comprise an electromagnet which, 
under the influence of a command signal, permits 

5 the displacement of a slider supporting the mirror, 
and a magnetic circuit which permits the displace- 
ment of the slider at least in the zone of switching, 
which is parallel to a plane of reference. 

In order to remedy the above drawbacks .tfiis 

70 invention proposes an optical four port switch 
whose retum device is a mirror whose two faces 
are perfectly reflective and which is mounted on a 
support mobile in translation between two posi- 
tions. In a first position, the min'or is disposed at 

75 the intersection of the optical beams. In a second 
position the mirror is outside the path of the light 
rays. The four branches of the four port switch are 
coplanar and perpendicular to one another. The 
movement of translation of the mirror is made 

20 along the axis perpendicular to the plane containing 
the four branches and passing at the point of 
intersection of the optical beams. A monostable or 
bistable electromagnetic device assures the dis- 
placement in translation of the mirror. 

25 The slider will advantageously be movable in a 
slot in a support along one wall of the stot forming 
a plane of reference. 

Preferably the slider support will be formed of 
two united elements, with the slot resulting from 

30 the assembly of the two elements. The slider sup- 
port preferably also supports the magnetic circuit. 

The slider can be equipped with a pole piece 
and can move along the plane of reference on bail 
bearings. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rgures I and 2 are explanator/ views of the 
40 woridng of an optical four port switch according to 
the invention. 

Rgures 3 to 7 represent various parts which 
are components of the switch. 

Rgures 8 and 9 illustrate the manner of 
45 assembling certain elements on the movable sup- 
port 

Rgure 10 is a sectional view of the four port 
switch according to the invention. 

Rgures 11 and 12 are explanatory figures of 
50 the woridng of the four port switch. 

Rgure 13 is a schematic of the command 
circuit of the movable support 

Rgure 14 is an explanatory diagram. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The working of the optical four port switch Is 
illustrated by Figures I and 2. In these figures the 
theoretical four port switch is designated by the 
general reference I. It comprises four branches A. 

B. C and D. coplanar and perpendicular to one 
another. Each one constitutes an optical transmis- 
sion or reception channel. A mirror 2 is capable of 
being displaced in translation in a plane 3 per- 
pendicular to the plane formed by branches A, B, 

C, D and forming an angle of 45* relative to them. 
The displacement of the min'or will preferably take 
place along an axis 4 elevated from the junction 
point of the four branches. When mirror 2 is ac- 
tually at the junction point of these branches, an 
optical beam introduced by branch A will be re- 
turned toward branch B and vice versa. Likewise, 
an optical beam from branch C will exit through 
branch D and vice versa. This position of the mirror 
defines a first state of working and is represented 
in Figure 1. In the second working state, repre- 
sented in Figure 2. the mirror 2 is translated so as 
to be placed outside the junction point of the 
branches. The propagation of the optical beams 
then takes place directly from branch A toward 
branch D and from branch C toward branch B. 

The practical embodiment of such a switch 
must meet a certain number of conditions. In par- 
ticular, the position in reflection of the mirror shoukj 
be as precise as possible. The slightest angular 
flaw in positioning has a strong influence on the 
value of the losses of insertion in reflection. The 
mirror therefore must move and be held firmly on a 
plane of reference situated at 45 • relative to the 
incidence of the optical beams. This constitutes 
one of the characteristics of the invention. Another 
characteristic of the invention is constituted by the 
mirror displacement device. The latter is actuated 
by an electromagnetic command which must be 
disconnected from the mirror or slider support 
when the minror is performing its function; the 
reason for this is to avoid producing parasitic an- 
gular flaws that might alter the optical transmission 
in reflection. 

Figure 3 represents the slider support compris- 
ing a plane of reference P. Mirror 2 will be moved 
parallel to this plane of reference. The slider sup- 
port is formed, for reasons of machining, of two 
assembled elements: a first element 5 comprising 
a semicyiindrical part 6 whose axis of revolution is 
perpendicular to a cylindrical base 7, and a second 
element 8, likewise of semicyiindrical form and 
attached to the first element 5. When elements 5 
and d are assembled, element 8 and part 6 form a 
cylinder with a slot 9. This slot is not necessarily 
situated in the axis of the cylinder. But the mirror. 



whose thickness will be considered as negfigible, 
will be situated in a plane parallel to the plane of 
reference P and passing through the axis of revolu- 
tion of the cylinder. Base 7 is provided with a slot 

s which wilt serve for the orientation of the slider 
support, with the use of a screwdriver when it is 
placed in the four port switch. 

The slider support also has bores iO for pas- 
sage of the light beams. The axes of these bores 

10 are therefore situated in a plane perpendicular to 
plane P and their point of intersection lies in the 
plane of the mirror. They define four right angles.. 
The slider support also has two bores II situated in 
the element containing the plane of reference P. 

75 that is to say. element 5, Bores II open into plane P 
and their axes are preferably situated in a plane 
perpendicular to plane P and parallel to bores )0. A 
groove 12. transverse to the semicyiinder 6, unites 
the two bores II. 

20 Element 8 is assembled to element 5 by two 

centering feet that are introduced into hole 13 in the 
base and hole 14 in element 8. The final attachment 
of the two elements is assured by a screw intro- 
duced into the base through hole 15. this hole 

35 comprising the passage hole for the threaded rod 
and the cavity lodging the screw head, and 
screwed into the tiireaded hole 16 in element 8. 
The centering feet make it possible to obtain sub- 
stantially parallel faces for the slot 9. 

30 Elemems 5 and 8 will advantageously be made 
of nonmagnetic stainless steel. 

Rgures 4 and 5 are sectional views of Rgure 
3. They permit a better understanding of Fgure 3. 
Figure 4 corresponds to section B-B and Figure 5 

35 to section A-A. 

Rgures 6 and 7 are front and profile views of 
the slider or mirror support which can be made of 
stainless steel or of some other nonmagnetic ma- 
terial. Rgure 7 is a view along a section H-H in 

40 Rgure 6. According to a prefered embodiment 
slider 20 has the form of a disc pierced with a hole 
21 which in this case is a port. The slider also 
comprises two flat areas 22 and 23 whose purpose 
will be explained betow. It has a small hole 24 

45 situated above port 21 and three blind* holes 25 
situated on the perimeter of disc 10. The axes 
joining the centers of holes 25 to the center of disc 
20 form angles of 120* with one another. By con- 
struction, the parts of the slider in which holes 25 

so are formed are situated in the same plane. These 
holes are calibrated and are adapted to receive ball 
bearings. 

The slider represented in Rgures 6 and 7 can 
be made in several parts for ease of construction. 
55 The fiat areas 22 and 23 are intended to sup- 
port, respectively, a piece 30 called a pole piece 
and a min'or 31. Figures 8 and 9 correspond to the 
views of Rgures 6 and 7. tt can be seen how pole 
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piece 30 and mirror 31 are mounted in this case. 
Mirror 31 is fixed on flat 23, for example by gluing. 
It can be formed of a sheet of mineral glass on 
which there is .deposited, by vaporization in a vacu- 
um, first aa adhesion layer and then a film of gold. 
In this way a signal incident to the mirror is re- 
flected to about 98%. For special uses of the four 
port switch, the mirror can be semireflecting. Pole 
piece 30 is glued or fixed on flat 22. It is advanta- 
geous thiat pole piece 30 have an elongate fonn as 
shown in Figure 8. It is pierced with a circular 
window 32 whose center coincides with the center 
of disc 20 or provided with a cutout serving the 
same purpose. 

The access coupling switch according to the 
invention has the general form represented in Rg- 
ure 10. which is a plan view in section. In order not 
to complicate the figure, the section of the slider 
support was made in two parts: on one side of slot 
9 along axis A-A (see Rgure 3) to represent bores 
[0 and an optical path, on the other side of slot 9 
along axis B-B to show the arrangement of the 
magnetic circuit 

The coupler comprises a body 40 serving as a 
support for the device. Its four faces 41 are machin- 
ed so that two opposing faces are strictly parallel 
and two adjacent faces strictly perpendicular. Body 
40 is pierced with a hole 42 whose axis is quite 
parallel to faces 41 on which are fixed the connec- 
tion bases such as 43, with one base per face. 
Each base 43 is associated with a lens 44 for 
processing optical beams, located in a bore 45 in 
body 40. The position of the slider support in the 
body is such that bores 10 in the slider support 
correspond to the bores 45 in oody 40. In the case 
of Rgure 10, the lenses are bar lenses adjustable in 
the plane perpendicular to the figure by known 
means. As mentioned above, the slider support can 
be adjusted in rotation in body 40 by means of a 
screwdriver blade driven by an angular micro- 
manipulator. 

In bores II of semicylinder 6, magnets 48 are 
located, which are advantageously chosen with 
very high magnetic energy and a wide demagnetiz- 
ing field, for example of tiie samarium-cobalt type. 
One of these magnets is introduced by first engag- 
ing its north pole and tiie other by first engaging its 
soutii pole. A field-closing plate 47 is fixed in the 
groove 12 (see Rgures 3 and 4) so as to channel 
the magnetic field induced by magnets 46. This 
plate is advantageously chosen of soft iron. 

On one of the faces difining slot 9, two small 
nipples 48 have been provided, which are strips 
force-fitted in holes. These nipples, which are 
placed at the same level and symmetrically to the 
axis of Inole 42, are intended to limit the translation 
of the slider. The slider is assembled as follows. It 
is first equipped with mirror 31, pole piece 30 and 



ball bearings 49. It is attached to a small-diameter 
cable (about 0.1 mm> introduced into the hole 24 - 
(see Rgures 8 and 9). The cable is attached to the 
slider by means of a loop with the two strands of 
5 tile cable held by a ferrule, the cable being per- 
haps a single strand or a double strand The slider 
is engaged in slot 9 on tiie side opposite nipples 
48 by passing its cable between the nipples. It is in 
contact with the plane of reference P by the three 
TO ball bearings 49 and the plane defined by tiieir 
contacts and containing the mirror is strictly parallel 
to tile plane of reference. When pole piece 30 is at 
the level of the magnets 46 or in tiieir vicinity, tiie 
magnetic flux is looped back. In this way tiie slider 
75 is held fimily on the plane of reference P. The form 
given to pole piece 30 permits an easy looping 
back of the magnetic flux. Rgure 8 shows, by 
reference 50. the emplacement of the magnets 46 
when piece 30 is at tiieir level. By its form and by 
20 ttie symmetrical disposition of magnets 48. tiie 
pole shoe constantly orients the mirror 31 in the 
same fashion relative to tiie point of convergence 
of ttie optical beams after each switching. The 
slider tiierefore possesses all possible degrees of 
25 freedom on tine plane of reference P, the necessary 
orientations being given magnetically. The width of 
slot 9 is such that in no case can ball bearings 49 
emerge from their lodging. 

The working of the four port switch is explained 
30 by Rgures II and 12 where tiiere is shown tiie slider 
as represented in Rgure 9 and placed in slot 9 of 
Uie four port switch. Also represented are ttie elec- 
tromagnetic means of command. The latter com- 
prises an electromagnetic body 60 comprising an 
35 induction coil U a piston 6! in the form of a T 
serving as a core for the electromagnet and a 
piece 62 to which is fixed cable 63 attached in turn 
to tiie slider. Body 60 is pierced with an axial hole 
which permits tiie displacement of piston 81 which 
40 is likewise pierced through its entire length to per- 
mit tine passage of cable 63. A spring 64 is placed 
between body 60 and the horizontal branch of 
piston 81. This spring makes it possible, when the 
electromagnet is not energized, to disengage tiie 
45 piston from its lodging for a predetermined length. 
The electromagnetic means are fixed on a part of 
body 40 which is not shown. 

In the operating state represented in Rgure II. 
the electromagnet is energized, which has the ef- 
50 feet of attracting the piston toward the center of tiie 
coil and compressing the spring 64 which is de- 
signed not to resist ttiis action. The slider is then in 
lowered position and is centered between the two 
magnets 46. The length of cable 63 is such ttiat in 
55 the position corresponding to tiiis working state it is 
relaxed and limp. It will be noted as a matter of fact 
\hat piston 61 descends lower than piece 52. Mirror 
31 is then in a position permitting tiie reflection of 
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the incident rays. Furthermore, because of the 
magnetic circuit created by the magnets 46 and 
the particular form given to pole piece 30, mirror 2\ 
will always be exactly in the same position when 
the electromagnet is energized. 

In the operating state represented in Figure 12, 
the electromagnet is no longer energized and 
spring 84 repels piston 61 since the force which it 
exerts on fixation piece 62 is superior to the force 
of attraction exerted by magnets 46 on pole piece 
30. But the stroke of piston 61 is limited by the 
presence of nipples 48 which stop the slider in 
translation. Since slider 20 has the form of a disc 
and since the nipples 48 are placed symmetrically 
to this disc, the slider is always exactly in the same- 
position in this working state. In this position the 
window 32 of pole piece 30 Is at the intersection of 
branches A. B. C and 0 and the only possible 
optical paths are from A toward 0 (and vice versa) 
and from C toward B (and vice versa). 

There is thus obtained a monostable working of 
the access coupler. In a terminal breakdown, the 
coil of the electromagnet is not excited, meaning 
that the optical beams transmit directly from A 
toward 0 and from C toward B. The terminal break- 
down does not disturb the transmission of data. 
When the terminal is repaired, an electric order is 
sent to the coil of the electromagnet to reestablish 
communication. 

The switching time of such a system is iden* 
tical to that of conventional electromechanical re- 
lays, but the advantage of the device according to 
the invention is the absence of rebound phenom- 
ena. As a matter of fact the plane containing the 
oscillations of the miror as it is put in place is 
merged with its plane of reflection. For satisfactory 
working it is therefore sufficient that the mirror be 
targe enough relative to the amplitude of the os- 
dilations so that the reflection will not be Inter- 
rupted as the mirror is put in place. 

' There will now be described how the slider is 
commanded electromagnetically. Figure 13 is an 
electrical schematic of the command for the access 
coupler according to the invention. It responds in 
particular to the exigencies of rapidity of movemerrt 
of the slider. The response time to the order given 
has to be very brief (about 5 ms) and it is neces- 
sary to provide a relatively substantial amount of 
energy to move the slider over a distance which is 
on the order of 3 mm. The command device repre- 
sented in Figure 13 comprises, between a direct 
voltage U and the ground, a breaker K, an RC 
circuit in parallel and coil L of the electromagnet 
Breaker K has a mercury contact to prevent me- 
chanical rebounds. The values of resistor R and 
capacitor C are calculated as a function of the 
value of the inductance L and the resistance of the 
coil. As breaker K is closed, capacitor C not being 



charged appears as a short circuit and the current i 
•passing through the coil is limited only by the 
impedance of the tatter. This is shown by Rgure 14 
which is a diagram representing the current i in the 

5 coil L as a function of the time. Note the current 
peak due to the closing of breaker K, Then the 
capacitor becomes charged and the current in the 
coil diminishes. When the capacitor is charged. 
. current 1 assumes a constant value which is much 

10 lower than that corresponding to the peak current 
and is a function of elements R and L in series. It 
is possible to obtain the cunrent peak at the end of 
a time to corresponding to atXDut I ms. which cor- 
responds to an instanteous power supplied of 80 

15 W. The maintenance current necessary to keep the 
mirror in reflecting position is represented by the 
plane part of the curve. It corresponds to a power 
of 250 mW. At time t. the breaker is open to put 
the terminal out of service. 

20 The system of switching according to the in- 
vention can be applied to other optical multiport 
switches. If the miror is replaced by an opaque 
shutter there is obtained a function having a state 
"1 worit" or "1 idle" in the case of a biport switch. 

25 The use of a fully reflecting mirror in the case of a 
three port switch permits the embodiment of the 
inverse function. It Is also possible to combine n 
four port switch mounted on one another and to 
command them at the same time by a single 

30 electromagnet. If is also possible to combine two 
switches whose functions are directly reversed, the 
min'or being disposed in the place of the hole on 
one of the sliders, and thus obtain simultaneous 
changes of state by a single command. 

35 It is quite evident that the device according to 
the invention lends itself to numerous variations. 



Claims 

40 

1. Optical switch between at least two channels 
(A, B. C. 0) of the type in which the path of a light 
beam can be modified by interposition In the path 
of a movable mirror (31) whose displacement Is 

45 commanded by electromagnetic means, character- 
ized in that said means comprises: 
an electromagnet which, under the influence of a 
command signal, permits the displacement of a 
slider (20) supporting said mirror (31). and 

50 a magnetic circuit permitting the displacement of 
said slider, at least in the zone of switching, parallel 
to a plane of reference (P). 

2. An optical switch according to claim I, char- 
acterized in that the switch is a four port switch. 

55 3. An optical switch according to one of claims 
I or 2, characterized in that said slider (20) is 
movable in a slot (9) in a support along one wail of 
said slot fonning a plane of reference (P). 
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4. An optical switch accoit^ng to claim 3. char- 
acterized in that said slider support has bores (10) 
for the optical channels {A, B, C, D) and that said 
slider support is formed of two connected elements 
(5, 8). and said slot (9) results from the assembly 
of these two elements. 

5. An optical switch according to claims 3 or 4. 
characterized in that said support and said slider 
are made of a nonmagnetic material and that said 
slider support also supports said magnetic circuit 

6. An optical switch according to any one of 
claims t to 5. characterized in that said magnetic 
circuit comprises at least one magnet (46) located 
in the part of said slider support comprising said 
plane of reference (P). 

7. An optical switch according to claim 6, char- 
acterized in that said magnetic circuit comprises 
two magnets (48) and that magnetic looping is 
assured on the side opposite said plane of refer- 
ence by a closure plate (47). 

8. An optical switch according to any one of 
daims I to 7, characterized in that said slider (20) 
has the form of a disc pierced with a port (2I)» and 
that said slider (20) also supports a pole shoe (30) 
pierced with a hole (32) or a cutout 



9. An optical switch according to any one of 
claims I to 8. characterized in that said slider is 
movable along the plane of reference (P) on ball 
bearings (49) located in blind holes (25) in said 

s slider and that the displacement of the slider is 
limited by nipples (48) mounted in said slider sup- 
port 

10. An optical switch according to any one of 
claims 1 to 9, characterized in that the displacement 

fo of said slider (20) under the influence of said 
electromagnetic means is assured by means of a 
cable (63) attached to it 

11. An optical switch according to claim 10. char- 
acterized in that said electromagnetic means com- 

75 prises a coil (L) provided with a core (61) that can 
move under the influence of a command signal and 
a piece (62) fixing the said cable (63) in a first 
position and that said fixation piece (62), in the 
absence of a command signal. Is brought by a 

20 spring (64) into a second position. 

12. An optical switch according to any one of 
claims I to II. characterized in that said command 
agnai is constituted by a voltage (U) applied to the 
coil (L) through a circuit formed of a resistor (R) 

25 and a capacitor (C) anranged in parallel. 
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